The impact of storm conditions on the heterotrophic activity of planktonic bacteria in a southwestern reservoir was investigated. Storm events were considered as rainfall in excess of 2.5 cm in a 24-h period before sampling. Storm conditions stimulated heterotrophic activities and resulted in increased uptake rates and decreased turnover times of glutamate and acetate. Uptake rates were 45 to 75 % faster immediately after storm conditions than they were during calm conditions. Activity levels appeared to return to prestorm levels within 48 h. Bacterial cell numbers did not change substantially during storm events. Cell-specific activity indicated that increases in heterotrophic activity were the result of increased activity of individual cells. Light penetration, levels of particulate organic carbon, Kt + Sn values, and population levels of attached bacteria suggest that immediate sediment loading of the reservoir or increased substrate levels could not account for abrupt increases in heterotrophic activities.
Dissolved organic material in natural waters originates from a variety of sources including runoff, excretion, and autolysis of cells. Regardless of origin, it is clear that the heterotrophic activities of bacteria serve as the primary pathway by which dissolved organic material is made available to higher trophic levels. As a consequence of their pivotal position in aquatic trophic structure, variations in bacterial biomass, populations, and heterotrophic activities have been extensively studied in a wide variety of habitats (1, 2) .
Activity levels of planktonic bacteria have been found to vary greatly over a seasonal cycle. For example, turnover times of dissolved free amino acids range from less than 1 h to more than 100 h depending on the environment (11). Short-term changes in heterotrophic activities of planktonic bacteria may also be expected to vary. Recently, several studies have brought attention to the rapidity with which cells respond to changing environmental conditions. Straskrabova and Fuksa (16) reported that distinct diel changes in glucose uptake kinetics corresponded to periods of increased algal activity. Similarily, Riemann (14) reported that bacterial generation times tended to follow a diel pattern with shorter generation times during daytime periods. Presumably, changes in heterotrophic activities were influenced by the availability of "high-quality" dissolved organic material produced by phytoplankton (3, 6) .
An additional factor that may exert a short-term influence on heterotrophic activities of planktonic bacteria is a storm. During brief periods of high wind and rainfall, rapid mixing of a body of water coupled with increased runoff could alter rates of carbon flow through planktonic microbial assemblages. The impact of storms on planktonic bacteria has not been addressed owing to the unpredictable timing and severity of a given storm as well as the hazards of being on open water during storm conditions. The objective of the present study was to assess the impact of storm conditions on the heterotrophic activity of planktonic bacteria. * Corresponding author.
MATERIALS AND METHODS
Environmental setting. Lake Arlington (33O42'30" N, 97°12'30" W) is a reservoir created in 1957 as a result of the impoundment of Village Creek. The lake has a surface area of 885 ha at capacity with a maximum depth of 20 m and occupies an irregular basin oriented northeasterly along the old creek bed. The southern portion of the lake is effectively separated from the northern portion by a submerged road bed. The southern basin is shallow, grading into mud flats at the only major inflow, Village Creek. Water levels fluctuate 2 to 4 m annually depending on weather conditions. These fluctuations have resulted in a virtual absence of rooted macrophytes along the littoral zone. The lake is monomictic with a vertical temperature gradient of 2 to 5°C developing in deep areas during late summer. Epilimnion temperatures vary annually between 10 samples. Cells were considered as free-living or attached if they appeared on a particle or within a particle matnx.
Heterotrophic activity was determined by the procedures of Wright and Hobbie (20, 21) and Hobbie and Crawford (9) . Changes in Vmax and T, of glutamate and acetate are shown relative to storm events and lake turnover in Fig. 1 (Fig. 3) ; however, average counts were similar to those reported by
Chrzanowski (5) event. Increased activity of the assemblage during turnover (as Vmax) (Fig. 1) was probably the result of increased assemblage size (compare days 240 to 300 in Fig. 1 and 4) since CSA indicated no substantial increase in uptake rates.
Samples were collected within 24 h of a storm or during a "window" between storm fronts (depending on severity of conditions). Increases in heterotrophic activities occurring soon after (or between) storm conditions suggested that the suspended microbial assemblage responded rapidly to environmental changes. This sampling protocol and the resulting data did not permit an evaluation of response duration. Response duration was assessed during a 5-day period for which a mild storm was predicted. Samples were collected at the same time each day and assayed for heterotrophic uptake of acetate. Approximately 3.1 cm of rain fell between 1900 h of day 350 and 0700 h of day 351 (Fig. 5) . During calm CSA appeared to be a sensitive indicator of assemblage response to storm events. The cells were nearly twice as active 4 h after storm conditions than during calm conditions. Activity levels peaked approximately 24 h after the storm and returned to prestorm values 48 h later. Cell numbers changed only slightly during this period with maximum numbers corresponding to maximum activity levels. It appears that the response of the suspended microbial assemblage to a storm event is very rapid but short-term, the assemblage returning to prestorm conditions possibly within 24 h (depending on storm duration).
Recently, considerable attention has been given to mechanisms controlling the density of microbial populations (7, 12, 13) . It has generally been assumed that the assemblage size is limited by predation pressure alone or predation pressure in combination with substrate limitation (15, 19) . Increased substrate levels as either DOC or POC did not influence estimates of heterotrophic activity during storm events. Fluctuations of both DOC and POC are shown in Fig. 6 . During lake turnover concentrations of both variables were elevated and may have influenced uptake rates, especially since the planktobacterial population was elevated and CSA was depressed. However, during periods of increased Vmax and decreased T, (i.e., storm events), levels of both DOC and POC were similar to levels commonly found during calm conditions. Increased levels of POC were observed during samplings subsequent to storm events. Light penetration (spherical sensor photometer; Li-Corr Corp.) (data not shown), POC data, and epibacterial population levels indicate that immediate sediment loading of the reservoir could not account for abrupt increases in heterotrophic activities.
It might be inappropriate to consider cell activity relative to the total pool of organic material. The suspended assemblage is probably utilizing a small labile portion of the pool, and therefore changes in the total pool would be undetect- of the assemblage was stimulated by benthic-, littoral-, or watershed-derived materials. The data suggest that the assemblage was responding to rainfall-derived material other than glutamate or acetate.
In conclusion, storm events may be an additional factor to consider in models of bacterial activities in lakes. If aquatic bacterial population levels are held in check by a balance between carrying capacity of the habitat (substrate limitation) and predation (15, 19) , then storm events may pulse the system with some form of substrate that will allow a brief surge in activity. The duration of the activity surge may be limited by the duration or intensity (or both) of the rainfall. If the input pulse is of long enough duration, the balance of factors limiting bacterial populations may be temporarily disturbed, resulting in a surge of bacterial growth.
